Abstract-A novel low profile metal plate monopole antenna with L-shape silts for mobile handsets operating DTV (470-740 MHz) band is proposed. The antenna can be easily constructed by folding the planar patch with the silt and occupies a small volume of 56 × 23 × 10 mm. The measured return losses for operating frequencies over the DTV band are better than −10 dB. The proposed antenna shows omni-directional or monopole-like radiation patterns and has good antenna gain over the frequencies of interest. The antenna can be applied to DTV application.
Digital television (DTV) broadcasting is expected to provide data service and replace the analog TV broadcasting. It is very attractive for wireless communication device based on digital communication technology such as mobile handset. Many wireless communication devices have internal antenna for several advantages over the conventional external antennas [1] . It makes the mobile handset look aesthetic and compact. For this reason an internal antenna for DTV application should be low profile and have wideband (470∼740 MHz) characteristic [2] . Especially the key issue in the design of an internal antenna is the size reduction while maintaining the antenna performance the same as that of an external antenna. A low profile planar metal plate monopole antenna for DTV signal reception in the UHF band for laptops has been reported recently [3] .
In this paper, we present an embedded DTV antenna for mobile handset application. The proposed antenna has a narrow width of 23 mm and is very promising to be embedded within the narrow space between the display and the casing of the mobile handset to perform as a concealed or embedded antenna. In addition, the antenna can provide a wide bandwidth (about 50% centered at 625 MHz) for operating in UHF band. The folded metal plate monopole, the antenna ground plane and the system ground plane were all fabricated using a 0.2 mm thick brass sheet. There is a small gap of 2 mm between the folded structure and the ground plane and the feeding point is located at the edge of the monopole structure. 50 Ω coaxial line is connected to feed point to excite the monopole structure and its grounding sheath connected to the antenna ground plane. The length of folded monopole (L) is 56 mm. The L-shaped slit consists of two arms that control the impedance bandwidth. Each length of the two arms is a prime element to decide the impedance bandwidth of a suggested antenna. Figure 2 shows the simulated return loss characteristic of a proposed antenna with L-shape slit and matching stub (Hs). The arms and matching stub enhance the wideband impedance performance by providing an additional resonance. Figure 3 shows the input return loss characteristic for various values of D1 and D2. The two values of gaps between the folded monopole structure and ground plane make differences in matching performance. The current paths of folded antenna are shown in Figure 4 . The length of the longest current path is about λ/4 at 560 MHz and 740 MHz. To achieve low profile structure on the finite ground, the monopole antenna is folded. Figure 5 shows the simulated and measured return loss of the proposed antenna. Frequency tuning can be achieved by adjusting the lengths of the two arms. The optimum design parameters are listed in Table 1 . Figure 6 presents the measured radiation patterns in the x-y plane, y-z plane and z-x plane at 520 MHz and 740 MHz are illustrated. Nearly omni-directional radiation patterns are observed at each frequency. Measured antenna gain is varying from −1 dBi to 4 dBi as shown in Figure 7 . The antenna is modeled numerically by using Ansoft's High-Frequency structure simulator (HFSS) [4] . 
SIMULATION AND MEASUREMENT

CONCLUSION
A novel low profile metal-plate monopole antenna with wideband characteristic has been proposed and implemented for DTV applications. The proposed antenna has a folded structure and L-shape slit. To obtain the wide bandwidth characteristic, the gap and L-shape slit with two arms are used. The dimensions of an L-shape slit and the value of the gap are optimized by the parametric analysis and the wide bandwidth performance from 465 MHz to 745 MHz are obtained. Design parameters of the antenna are experimentally optimized and the measured radiation and return loss characteristics of the antenna are good enough for DTV application. This antenna can be a good candidate for mobile DTV handset due to its low profile, small size and wideband characteristics.
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